INTRODUCTION
The significance of young [1] [2] [3] [4] [5] [6] [7] and old [8] [9] [10] [11] [12] [13] maternal ages at childbirth as risk factors for adverse perinatal health outcomes remains largely context-dependent. Previous research that aimed at providing an explanation to the frequently observed association between mother's age and various quality-of-life measures, including perinatal, neonatal and infant mortality, [8] [9] [10] [11] 14 preterm delivery 3, 6, 12, 13, 15 and low birthweight, 2, [5] [6] [7] 12, [14] [15] [16] [17] [18] have yielded inconsistent results. Whereas a few studies reported negative findings, 10 the bulk of epidemiological evidence suggested that, depending on the setting, either teenage 2,4,5 or old-age 6, 9, [11] [12] [13] pregnancies represented high-risk categories. A survey conducted in Lebanon (1995 Lebanon ( -1996 uncovered maternal age as an important determinant of neonatal mortality rate, which increases when age at delivery is less than 20 or more than 34 years. 19 More recently, the Lebanese Ministry of Public Health and the United Nations Children's Fund implemented a national perinatal survey, estimating the prevalence of preterm delivery and low birthweight at 9% and 7%, respectively. Mother's age at childbirth F <18 or >34 years F was listed among several inter-related risk factors, including education, medical coverage, smoking and work during pregnancy, prenatal consultation, area of residence as well as size and scope of delivery facility's services. 20 The main concern of epidemiological research, nowadays, is to establish the existence of an independent biological effect of either young or old maternal age on perinatal health outcomes, taking into account all potential confounders or risk-modifying characteristics. 6, 8, 13, 21 Well-established risk factors for preterm delivery or low birthweight that are also correlated with maternal age include parity, 13,15 -17,22,23 socioeconomic status, 6, 12, 18, 23, 24 medical complications, 8, 23, 25 obstetric history of adverse outcomes, 15, 23, 25 use of prenatal care, 1, 3, 6 ,23 consanguinity [26] [27] [28] [29] and lifestyle characteristics such as maternal employment [30] [31] [32] [33] and cigarette smoking 6, 7, 12, 14, 21, 34, 35 during pregnancy. Typically, the effect of maternal age on perinatal outcome was found to be partially or entirely explained by nulliparity status 15, 17 or parity 16, 23 as such. Also, maternal age and parity were shown to interact, whereby the impact of young 1, 3 or old age 9 at delivery differed between nulliparous and multiparous mothers. Very few studies have focused on nulliparous women as a distinct population, consequently examining mother's age at first childbirth as the risk factor of interest. 6, 12 The aim of the present study is to analyze the impact of maternal age at first childbirth on the incidence of preterm delivery and low birthweight among single live births delivered to nulliparous Lebanese women at nine major healthcare institutions serving a well-defined geographical area in Beirut and Mount Lebanon.
MATERIALS AND METHODS Study Design
Through the National Collaborative Perinatal Neonatal Network (NCPNN) Database Project, a survey of consecutive live births was conducted at nine tertiary care hospitals in Greater Beirut, Lebanon. Routine data collection was achieved prospectively at each hospital, through direct interviews with mothers after delivery as well as abstraction of information from obstetric and nursery charts. The unit of observation was the newborn admission to the normal nurseries (NN) and neonatal intensive care units (NICU) of the surveyed hospitals.
Trained nurses, midwives and research assistants collected data using a standardized questionnaire designed specifically for the NCPNN Database Project. The questionnaire included items that cover parental socio-demographic characteristics as well as maternal and newborn health characteristics. Data entry, cleaning and analysis were accomplished at the NCPNN coordinating center.
Study Setting
The nine selected hospitals covered a socio-economically diverse population localized in a well-defined geographical area, with the majority of mothers residing in the districts of Beirut (28%) and Mount Lebanon (67%). The yearly average number of deliveries at the nine hospitals was approximately 9800 live births, ranging from a low of 570 and a high of 1970 per individual institution. Based on the Vermont-Oxford Network Classification, the hospitals were chosen to cover the three levels of neonatal intensive care, namely Level A (two centers, B1446 live births/year), Level B (four centers, B 4354 live births/year) and Level C (three centers, B4074 live births/year). 36 
Selection Criteria
The target population for the present study encompasses all single live births delivered to Lebanese nulliparous women in the districts of Beirut and Mount Lebanon. The selected study sample included consecutive single live births delivered to nulliparous women at nine NCPNN centers over a 3-year period (April 1999 to March 2002), with non-missing data on perinatal outcomes and risk factors of interest. The initial sample was comprised of 29,622 live births admitted to the NN (25,392; 85.7%) and NICU (4230; 14.3%) of participating hospitals. Cases were serially excluded based on the following criteria: (1) nationality unknown or non-Lebanese (n ¼ 2233), (2) area of residence unknown or outside Beirut and Mount Lebanon (n ¼ 2910), (3) multiple births (n ¼ 2655), (4) singleton births associated with parous women (n ¼ 13,949), (5) singleton births of nulliparous women with missing data on any of the dependent or independent variables (n ¼ 2319), resulting in a final sample size of 5556 maternal-neonatal dyads.
Variable Definitions Independent Variables. Data on the main independent variable, maternal age at first childbirth, in years, were collected by NCPNN institutions among nulliparous women from obstetric charts, for the purpose of the present study. The continuous form of this variable was further classified into the following 5-year categories: <20, 20 to 24, 25 to 29, 30 to 34 and 35 þ years. Based on findings from previous studies, the 20-24 years age group was chosen to represent the low-risk reference group. 6 Control variables examined in the present study included other maternal characteristics F education, work status and cigarette smoking during pregnancy, previous abortions, major medical complications and mode of delivery F in addition to social class defined according to paternal occupation (Class I: professional, semi-professional or managerial; Class II: technical, clerical, skilled or semi-skilled; Class III: unskilled, unemployed or unclassified), first-degree parental consanguinity and finally newborn gender and gestational age. Information on medical complications, mode of delivery, newborn gender and gestational age was gathered by NCPNN from medical charts, whereas indicators of socio-economic status and lifestyle were obtained by direct interview. Prenatal care was not included as a control variable, since over 99% of women in the overall study population have visited their healthcare provider at least once during their pregnancy period, with a mean of 9.24 visits, which is considerably higher than the figure of 6.7 visits observed at the national level. 20 It is worth noting that medical complications were limited to hypertensive disorders, diabetes mellitus and ante-partum hemorrhage caused by placenta previa, chronic abruption or other conditions. Dependent Variables. Two main dependent variables F preterm delivery and low birthweight F were considered for the present study. The last menstrual period (LMP) was used to estimate the number of weeks of gestation. Gestational age measurements were further validated through other methods such as ultrasonography or physical examinations. Birthweight, in grams, was measured and recorded in the nursery chart upon admission. Preterm delivery and low birthweight were defined as less than 37 weeks and 2500 g, respectively.
Statistical Analysis
All statistical analyses were achieved using SPSS Statistical Package version 7.5. 37 Statistical significance for categorical univariable associations was analyzed using the w 2 test of independence, at an a-level of 0.05. Crude and adjusted odds ratios (OR) and their 95% confidence intervals (CI) were estimated by logistic regression analysis.
RESULTS
Out of 5556 nulliparous women who delivered single live births at the nine NCPNN centers in Greater Beirut, 469 (8. 4%) were less than 20 years of age and another 391 (7.0%) were 35 years on more.
As shown in Table 1 , maternal age was significantly correlated (P<0.001) with all potential confounding characteristics examined. The proportion of illiterate mothers or those who attained primary education was highest (12.2%) among teenage pregnancies and lowest (3.0%) for those between 25 and 29 years of age. A consistent positive trend was observed whereby older mothers exhibited significantly higher prevalence rates of smoking during pregnancy. Similarly, older mothers were more likely to report a history of abortions or to have experienced a major medical complication during pregnancy. Along the same line, the proportion of women delivering by cesarean section was shown to increase with age. The 30 to 34 years age group exhibited the highest percentage of working mothers (50.3%), the lowest percentage of first-degree consanguinity (2.1%) and the greatest proportion of women who reported their spouse's occupation as professional, semi-professional or managerial (50.9%). Table 2 displays the distribution of study subjects by gestational age, birthweight and gender. Overall, the median gestational age at delivery was 39 weeks and a total of 299 (5.4%) were preterm deliveries, of which 32 (10.7%) were severely premature (<32 weeks' gestation). The mean birthweight was 3222±468 g for both sexes, with low birthweight and very low birthweight incidence rates of 5.2% and 0.49%, respectively.
Univariable associations between the two perinatal outcome variables F preterm delivery and low birthweight F and their hypothesized risk factors are presented in Table 3 . The incidence rates of both preterm delivery (4.3%) and low birthweight (4.0%) were least among infants of nulliparous women 20 to 24 years of age. In addition, a highly significant (P<0.01) J-shaped trend was observed, whereby elderly mothers F 35 years or more F exhibited the highest incidence rates of preterm delivery (9.0%) and low birthweight (8.4%). Both perinatal outcomes correlated with the presence of medical complications, cesarean route of delivery and previous abortions, whereas maternal education and smoking during pregnancy were exclusively associated with low birthweight. Table 4 presents logistic regression analyses for the predictors of preterm delivery and low birthweight. Teenage pregnancies had no significant impact on the risk of preterm delivery or low birthweight in our study population, before or after adjusting for potential confounders. The crude effect of maternal age suggests a significant increase in the risk of preterm delivery among elderly mothers, aged 35 years or more (crude OR ¼ 2.21, 95% CI: 1.45 to 3.37) or those between 30 and 34 years of age (crude OR ¼ 1.51, 95% CI: 1.06 to 2.13), as compared to the 20 to 24 years reference category. However, after adjusting for other parental characteristics, the impact of old maternal age was reduced and became nonsignificant, the main predictors of preterm delivery being presence of medical complications (adjusted OR ¼ 3.52, 95% CI: 2.69 to 4.61) and cesarean route of delivery (adjusted OR ¼ 1.53, 95% CI: 1.19 to 1.98). In contrast, after adjusting for parental and neonatal characteristics, older maternal age was identified as the main predictor of low birthweight. The three older age groups, namely 25 to 29, 30 to 34 and 35 þ years, exhibited overlapping adjusted OR estimates, indicating that the risk of low birthweight, in our population of nulliparous women, becomes prominent beginning at an age of 25 years. Other factors that remained significant predictors of low birthweight included female gender (adjusted OR ¼ 1.62, 95% CI: 1.22 to 2.15) and gestational age of the newborn (adjusted OR ¼ 0.46, 95% CI: 0.42 to 0.49) as well as maternal education, although no significant dose-response effect was observed for the latter characteristic.
DISCUSSION
The present study examined the role of maternal age at first childbirth, as a determinant of two adverse perinatal outcomes, specifically preterm delivery and low birthweight. Our results suggested a distinctive effect of maternal age above 25 years as a risk factor for low birthweight among nulliparous women, after controlling for previously established socio-demographic and health-related risk factors. Although elderly nulliparous mothers, aged 35 years or more, had nearly twice the risk of preterm delivery as compared to the 20 to 24 years reference group in the univariable analysis, this impact of maternal age became nonsignificant after controlling for other factors, including medical complications and cesarean route of delivery. Finally, teenage mothers were neither at risk for or protected against the designated poor outcomes.
Previous studies conducted in developed [1] [2] [3] 6, 7 and developing countries, 4,5 exploring young maternal age as a determinant for different morbidity outcomes including small-for-gestational age, 1, 3 preterm delivery, 3 3, 6 findings with a preponderant role of parity as an effectmodifier. In a cohort study by Scholl et al, 3 young nulliparous women were established as having a modest increase in preterm delivery, which was not statistically significant, after controlling for confounding factors. On the other hand, young maternal age was observed as one of the main risk factors for low birthweight in another hospital-based collaborative study of consecutive deliveries in the United Arab Emirates. 4 Despite the considerable proportion of teenage pregnancies (8.4%) in our predominantly urban and highly educated nulliparous population, young maternal age had no statistically significant influence on perinatal outcomes of interest, as was reported elsewhere in the literature. 3, 6 Irrespective of parity, the bulk of evidence supports an increased risk of perinatal mortality, 8, 9 preterm delivery [11] [12] [13] and low birthweight 11, 12 among elderly mothers, especially those above 40 years of age. Naeye 8 suggested one biological explanation, whereby sclerotic lesions in the myometrial arteries may cause 20 surveys identified 35 years as the cut-off point for maternal age, at which a significant increase in neonatal morbidity and mortality is observed. Seoud et al 13 conducted a study at the American University of Beirut Medical Center, comparing pregnancy outcome and delivery complications in women 40 years or older (319 cases) to that in women 20 to 30 years old (326 controls). The study suggested a significant bivariate association between advanced maternal age and higher rates of preterm delivery, cesarean section and the occurrence of one or more antepartum complications. 13 Aldous and Edmonsom 12 studied the consequences of delayed first childbearing in a large, population-based US sample. After adjustment for potential confounding socio-economic factors, smoking, medical and reproductive conditions, a maternal age of 30 years or more at first childbirth remained an independent risk factor for both low birthweight and preterm delivery. 12 In our study sample of nulliparous women, maternal age above 25 years, rather than 30, 35 or 40 years, had an independent effect on low birthweight exclusively. In contrast, old age was not associated with preterm delivery and its effect was confounded by other factors, including the presence of medical complications 25 and the iatrogenic influence of cesarean route of delivery. 11, 38 The finding of an earlier onset of perinatal health risks in our population may be explained by the fact that our study was restricted to nulliparous women who are, on average, younger than the overall population of women delivering in the selected hospitals. In addition, nulliparity in itself may confer risks to the mother and the infant and has been associated with a number of perinatal disorders. 13, [15] [16] [17] 22, 23 Therefore, nulliparous women are likely to experience perinatal complications at an earlier age than their multiparous counterparts.
To sum up, in our select urban population of nulliparous Lebanese women, older maternal age, above 25 years, plays an important role as a determinant of low birthweight, but has no significant impact on the incidence of preterm delivery, an outcome partially explained by obstetric complications. Further research effort is needed in order to establish the observed associations in a more socio-economically diverse population of Lebanese urban and rural residents.
